In the present study, we examined the prevalence of Providencia spp. strains among children with diarrhea in Japan. We developed a Providencia genus-specific polymerase chain reaction (PCR) method, and the specificity and sensitivity was evaluated to be 100z with various bacterial strains including 7 genera and 13 species. Five of 345 samples (1.4z) were positive by PCR using a Providencia genus-specific primer targeting the 16S rRNA gene. The single species Providencia rettgeri was isolated from 4 stool samples of children with diarrhea. The prevalence of Providencia spp. in children with diarrhea in Japan is lower than that previously reported for Japanese travelers abroad with diarrhea.
The genus Providencia, belonging to the family Enterobacteriaceae, consists of 8 species, namely P. alcalifaciens, P. stuartii, P. rettgeri, P. rustigianii, P. heimbachae, P. vermicola, P. sneebia, and P. burhodogranariea (1) (2) (3) . Among these, P. alcalifaciens has been considered to be a causative agent of diarrhea (4) (5) (6) ). An epidemiological study has shown that P. rettgeri may cause diarrhea among travelers returning to Japan (7) . Furthermore, 2 large outbreaks of food poisoning caused by P. alcalifaciens have been reported in Japan and the Czech Republic, respectively (8, 9) . However, there have been no reports so far on the prevalence of Providencia spp. in children with diarrhea in Japan. Recently we identified 2 isolates of P. alcalifaciens from children with diarrhea in Japan during a survey of cytolethal distending toxin-producing Escherichia coli in children with diarrhea (10, 11) . Therefore, we conducted a survey to determine the prevalence of Providencia spp. in stool samples from children with diarrhea. The study used a Providencia genus-specific polymerase chain reaction (PCR) assay to isolate Providencia strains.
Rectal swabs were randomly collected from 345 children with diarrhea (0-12 years of age) who had visited the pediatric departments of Mizushima Central Hospitals, Okayama, Japan, between January and August 2008. Soon after collection, the rectal swabs were placed in BBL CultureSwab Plus (Becton Dickinson, Paramus, N.J., USA) and were transported to the Osaka Prefecture University at room temperature. Stool specimens were directly inoculated on PMXMP agar (7) or into 3 mL of Tryptic Soy Broth (TSB; Nissui Pharmaceutical Co., Tokyo, Japan) for enrichment and preparation of PCR template for Providencia spp. PMXMP agar and TSB were incubated at 379 C for 2 days and over night, respectively. Colonies that were red-to-pink on PMXMP were considered suspicious because such colonies generally prove to be Providencia spp. or Morganella morganii, and occasionally Serratia liquefaciens or Pseudomonas spp. These colonies were examined by biochemical tests. The ornithine decarboxylase test was used for distinguishing Providencia spp. from M. morganii and S. liquefaciens, and the oxidase test was used for distinguishing Providencia spp. from Pseudomonas spp. To further determine the species of the Providencia strains, the API 20E biochemical strip test for the family Enterobacteriaceae (SYSMEX bioM áerieux Co., Tokyo, Japan) was employed. In addition, a Providencia genus-specific PCR was developed, and its genus-specificity was confirmed using various strains including 7 genera and 13 species; 4 Shigella spp., 4 serotypes of Salmonella enterica, Yersinia enterocolitica, 4 Vibrio spp., E. coli, M. morganii, and Proteus mirabilis. These bacteria are major intestinal pathogens or Providencia-related species ( Table 1) . The overnight cultures of the stool specimens were diluted 10-fold in sterile TE buffer (10 mM Tris-HCl, 1 mM EDTA [pH 8.0]) and boiled for 10 min. After centrifugation at 12,000 × g for 3 min, the supernatant was isolated for use in the Providencia genus-specific PCR. PCR was conducted using the GeneAmp PCR System 9700 thermal cycler (Applied Biosystems Japan, Tokyo, Japan). Providencia spp. were detected by PCR using the primer set Psp16s-F1 (5?-ACCGCATAATCTCTT AGG-3?) and Psp16s-R2 (5?-CTACACATGGAATT CTAC-3?). PCR was carried out in a 20-mL reaction mixture containing 1 mL of DNA template, 1 × rTaq PCR buffer, 0.2 mM dNTP mixture, 0.5 mM of each primer set, and 0.5 U of rTaq polymerase (Takara Bio 
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Inc., Otsu, Japan). After heating at 949 C for 5 min, the DNA was subjected to 30 cycles of denaturation at 949 C for 30 s, annealing at 509 C for 30 s, and extension at 729 C for 30 s. The expected size of the PCR amplicon was 515 base pair (bp). The PCR products were examined by electrophoresis in 2.0z Seakem LE agarose gels (Takara Bio). Detection limit of this PCR assay was determined to be 10 2 colony-forming units/g of stool by using stool specimens of healthy children spiked with various doses of P. alcalifaciens AH-31 strain which had been enriched in TSB by overnight culture (data not shown). Providencia-specific PCR products were obtained from 5 stool samples (1.4z), among which P. rettgeri, but no other Providencia spp., was isolated from 4 samples (1.2z). The sequences of all PCR products were matched with the 16S rRNA gene of the genus Providencia, but further differentiation at the species level was not possible, indicating that the PCR developed in this study was genus-specific. All positive samples were examined for other enteric pathogens such as enterohemorrhagic E. coli, enteroaggregative E. coli, Salmonella spp., Shigella spp., Campylobacter jejuni, C. coli, C. fetus, Norovirus, Adenovirus, and Rotavirus, by PCR or immune chromatography (10) . P. rettgeri was the only pathogen that was isolated from the specimen from 1 child, while the other 3 children were shown to have had mixed infection with other pathogens (Table 2) . No other pathogenic bacteria were detected from the PCR-positive but culture-negative sample. The isolates were studied for invasiveness to the Caco-2 cell monolayer as described elsewhere (7). However, no invasiveness was observed in any strain isolated in this study (data not shown).
Several studies have shown that Providencia spp. have been isolated from patients with diarrhea in developing countries and travelers with diarrhea from developing countries (5-7). However, the prevalence of Providencia spp. in developed countries such as Japan has not been examined to date. Our study indicated that the incidence of Providencia spp. infection in children with diarrhea in Japan (1.4z) was lower than that of Japanese travelers abroad with diarrhea (mainly SouthEast Asia, 15.4z) (7) . Moreover, our preliminary investigation detected Providencia spp. in 8.1z of patients, ranging from children to adults, with diarrhea in Thailand (unpublished). Although we cannot exclude the effects of patient age, timing of investigation, and so on, our results suggest that Providencia strains might be associated with diarrhea in travelers abroad rather than in domestic cases of diarrhea in Japan. This is in agreement with a report from Britain, which suggested that P. alcalifaciens may be a cause of diarrhea among British travelers abroad (5). Although we were unable to isolate P. alcalifaciens in this study, 5 stool specimens were positive for Providencia spp., and among them, P. rettgeri was isolated from 4 of them on PMXMP agar. Three of 4 stool samples were positive for other pathogens. However, among 389 stool specimens obtained from healthy children during a regular medical check, PCR products were obtained from 4 samples (1.0z), and 3 strains (0.8z: 1 each of P. rustigianii, P. rettgeri, and P. alcalifaciens) were isolated from 3 samples (data not shown). Thus, the association between P. rettgeri and diarrhea is still unclear.
In conclusion, this is the first report showing the prevalence of Providencia spp. in children with diarrhea in Japan. The prevalence of Providencia spp. in children with diarrhea in Japan was lower than that previously reported for Japanese travelers abroad with diarrhea. Providencia associated diarrhea in Japan might be an imported infectious disease. Investigation of the prevalence of Providencia spp. in food samples in Japan and developing countries are also ongoing in our laboratory, to determine the possible sources of infection.
